Introduction
Selection for meat quality in the Swiss pig breeding program started over 20 yr ago (Schwörer et al., 1994) . Different meat quality traits have already been integrated into the aggregate genotype. All traits in an aggregate genotype should be weighted according to their economic value (Hazel, 1943) . Boleman et al. (1997) evaluated consumer perceptions and buying trends of beef steaks with different shear force values and varying prices using surveys. The results suggested that consumers could discern between different categories of tenderness and were willing to pay a premium for improved tenderness. However, these results are of a qualitative nature and cannot be used for an estimation of economic values. 1 The Swiss Performance Testing Station in Sempach is gratefully acknowledged for advice and financial support. Various suggestions for improvement from anonymous reviewers are acknowledged as well. 2 To whom correspondence should be addressed. Current address: Dept. of Dairy Science, Virginia Polytechnic Institute and State Univ., 264 Litton Reaves, Hall, Blacksburg 24061-0315 (phone: 540-231-8020; fax: +540-231-5014; E-mail: petervr@vt.edu).
Received July 6, 1998 . Accepted April 22, 1999 2633 factor. Population mean and standard deviation of the investigated traits were taken from station test results of Swiss Large White pigs (intramuscular fat content, iodine value, pH1, pH2, and proportion of premium cuts) and from the literature (color and drip loss For that task, a quantitative differentiation of willingness-to-pay values for carcasses of different qualities that corresponds to a pricing system is required. The objectives for the research reported here were to collect information on possible future developments of the pork market and to estimate economic values based on this information. These economic values for meat quality traits could then be used in the aggregate genotype of the Swiss pig breeding program to replace the currently used weights determined by desired gains.
Materials and Methods

Derivation of Economic Values
Whatever method is used to estimate economic values, it is necessary to derive accurate profit functions. This means that returns and costs associated with a change in population mean due to selection must be accounted for. Hovenier et al. (1993a) developed a method to calculate marginal income functions and to derive economic values for traits with an intermediate optimum such as meat quality. They expressed income per carcass as a function of the trait means and assumed that carcasses were classified into three quality classes with different prices. This assumption fits the nature of the pricing systems used in the Swiss slaughter and retail industry quite well, because the market price for a carcass is based on price premiums and price deductions for different trait classes.
The approach of Hovenier et al. (1993a) was extended to a situation in which a trait can show several quality classes, each having a different price level. The calculation of economic values requires the definition of quality classes for each trait. Given a certain population mean µ and a probability distribution of the trait f(x|µ), the fraction of the population within the defined quality classes can be determined. Furthermore, it is necessary to know the price for carcasses within a given quality class. Income per carcass I(µ) can then be calculated as the average value of carcasses in the population.
where: I(µ) = average income per carcass, µ = population mean, n = number of quality classes, P i = price per carcass within the i th quality class, F i = fraction of the population within the i th quality class, B i = upper boundary of the i th quality class (defining B 0 = lower and B n = upper biological limit of the trait), and f(x|µ) = probability distribution.
Economic values are defined as marginal changes in income caused by a change of the population mean µ due to selection. Therefore, the economic value corresponds to the first derivative of income with respect to µ. Because income I(µ) is nonlinear in µ, the economic value EV(µ) is a function of µ as well.
Hovenier et al. (1993a) used numerical integration and finite differences to compute the economic values, but, assuming that traits are normally distributed, an analytical solution is available (Soren Andersen, personal communication, 1997) . Following the rule of Leibnitz (e.g., Casella and Berger, 1990 ) the derivative and the integral can be interchanged. Then [2] can be written as:
Assuming ƒ(x|µ) = 1
where σ = standard deviation of the trait.
Derivation of Hypothetical Prices from Interviews
The calculation of economic values using Eq.
[4] requires prices for carcasses within the defined quality classes. For most quality traits, market prices are not available. Therefore, meat technology experts of the 10 largest companies who returned the questionnaire of a previous survey (von Rohr et al., 1996) were asked to give an interview on different aspects of the economic importance of meat quality. The interviews took place between July 1995 and February 1996. Results of the previous survey (von Rohr et al., 1996) showed that each of the companies that participated in the interview produced and sold a great variety of products. The answers from the interviews were used to establish pricing systems for the traits considered in this study.
The concept that allows the derivation of pricing systems from survey questions is called the contingent valuation method (Mitchell and Carson, 1993) . This method is used to obtain estimates of costs and benefits for goods and services that are not traded on ordinary markets. The absence of markets is circumvented by presenting each of the respondents in the survey a market in which the goods under study are treated as if they were tradable. Cummings et al. (1986) declared the private goods market as an acceptable model if 1) the respondents are familiar with the commodity to be valued and 2) the respondents have had prior valuation and choice experience with respect to different consumption levels of the commodity.
In this study, the respondents were presented an idealized private goods market. The choice of this market model can be justified because the carcasses, which had to be valued, did not have the character of public goods. Furthermore, the respondents were supposed to have prior valuation and choice experience with respect to carcasses within different quality classes. Thus, the conditions postulated by Cummings et al. (1986) were satisfied.
Within the constructed market, the respondents were asked to attribute price changes from the current market price for carcasses within all proposed quality classes. The respondents had to base their stated price changes on potential benefits or losses. The price for the carcasses within a given quality class was calculated as the sum of the market price and the attributed price change.
Markets presented to respondents during a contingent valuation survey are hypothetical. Prices of the goods traded in such markets should be called hypothetical prices. For reasons of simplicity, they are just referred to as prices in this paper. It should also be kept in mind that the derived economic values are hypothetical as long as the traits are not included in any payment system of the slaughter industry.
The ultimate aim of a contingent valuation survey is to obtain accurate measures for prices of goods and services that are not traded on an ordinary market. To do this, the imperatives of survey research must be met. This requires that the questions asked the respondents be understandable and meaningful. To meet these imperatives, respondents in this survey were just asked for price changes they would attribute to a carcass of a defined quality. The quality of the carcass was characterized by just one trait (Table 1 ). All other traits were assumed to be at the population mean.
Traits Considered
The traits considered were color L* (COL), drip loss (DRL), intramuscular fat content (IMF), iodine value (IV), pH 45 min after slaughtering (pH1), pH 24 to 30 h after slaughtering (pH2), and proportion of premium cuts (PPC). A detailed description of these traits is given in Table 1 . All traits were assumed to follow a normal distribution. Population means and standard deviations (Table 2) for pH1, pH2, IV, IMF content, and PPC were taken from station test results of Swiss Large White pigs fed a barley-based diet for ad libitum consumption (Rebsamen et al., 1997) , for color L* from de Vries et al. (1994) , and for DRL from Hovenier et al. (1993b) .
For pH1, IMF content, pH2, color L*, and IV, quality classes were defined according to the literature (Nakai et al., 1975; Bejerholm and Barton-Gade, 1986; Schwörer et al., 1988; Prabucki, 1991; Affentranger et al., 1996) . For DRL and PPC, arbitrary classes with equal class width were established. A list of all quality classes is given in Table 3 . With the prices from the interviews, economic values per phenotypic standard deviation were estimated for each company separately. For each trait, a weighted mean was calculated using the number of pigs slaughtered by a company per year as weighting factor.
Results
Representatives from 9 of the 10 companies agreed to give an interview. In 1995, these nine companies processed 53% of the pigs slaughtered in Switzerland.
Weighted means of the prices relative to the average carcass price between 1994 and 1996 for each quality class are listed in Table 3 . For IMF content, the weighted mean was calculated with only eight companies. The answers of the respondent from Company seven had to be discarded, because he was not familiar with this trait. Table 4 shows the economic values for all companies separately and their weighted mean (WEV) for each trait at the population mean (Table 2 ). All economic values in this table are expressed on a basis of one phenotypic standard deviation. This basis was chosen to allow a comparison between the economic values of the different traits. Iodine value had the highest and pH2 the lowest absolute weighted mean of the economic values. For all traits, except PPC, all economic values for the different companies had the same sign. For Company 1, PPC had a negative economic value, whereas all the other companies attributed a positive economic value to an increase in the actual population mean of PPC. The economic values between companies (Table  3) showed considerable variation.
The weighted mean of the economic values for all traits considered in this study as a function of the population mean is depicted in Figure 1 . The range for the trait mean for which economic values were shown was restricted to the actual population mean ± 1 phenotypic Affentranger et al. (1996) .
i Schwörer et al. (1988). standard deviation. From an animal breeding point of view, this range is interesting for short-to mediumterm considerations. Over the whole range of trait means in Figure 1 , economic values were positive for IMF content, pH1, and PPC, negative for color L*, DRL, and IV, and zero for pH2. For all traits, except for pH2, the absolute economic value decreased as the trait mean moved from the actual mean toward a more desirable level. Discussion Hovenier et al. (1993a) considered in his example for a meat quality trait three classes with two prices. This approach was expanded in this study to a greater number of quality classes each having a different price of carcasses. The use of quality classes is advantageous for this problem because the existing pricing system is already based on quality classes and the experts are familiar with that specific concept of classifying carcasses. The width of quality classes is an important issue in the design of surveys to value carcasses. Quality classes with a finite lower and upper bound (closed quality classes) should not be too wide because, otherwise, too large of a proportion of the population falls within the same class. The width of the quality classes Figure 1 . Weighted means of the economic values as functions of the population means for all traits under study. COL = color L*, DRL = drip loss, IMF = intramuscular fat content, IV = iodine value of backfat, pH1 = pH of longissimus muscle 45 min after slaughter, pH2 = pH of the longissimus 24 to 30 h after slaughter, and PPC = proportion of premium cuts.
should, therefore, be adapted to the phenotypic standard deviation of the trait considered.
Economic values depended on population means. From an animal breeding point of view, only the range around the actual population mean is interesting for short-to medium-term considerations. As an illustration, Figure 2 shows economic values for a much wider range and includes all economic values different from zero. If the population mean diverges more and more from the optimum, a substantial part of the population will eventually fall into a class with either their lower or upper bound theoretically at plus or minus infinity (open quality class). This makes the economic values converge to zero. An important point from that observation is that the range of trait means covered with closed quality classes has to be fairly large and adapted to the biological background of the trait. For a population that falls almost entirely in one of the two extreme classes below or above the optimum value, there is no benefit, at least in the short to medium term, in moving the trait mean closer to the optimum value. In these cases, replacing the population with one that is much closer to the optimum might be the only viable solution.
Iodine value had the highest weighted mean of economic values. One reason for this may be the recent problems with the quality of backfat. According to the information given by the respondents in the interview, a considerable drop in fat quality was observed in 1995. The respondents identified the usage of feed with a high amount of polyunsaturated fatty acids as the most likely cause for the decrease in fat quality. Kuenzler (1995) reported a strong increase in tax on imported high-energy feed ingredients that were, therefore, replaced with cheaper ingredients with a high content in polyunsaturated fatty acids. The polyunsaturated fatty acids in the feed are directly incorporated into the fatty tissue of pigs (Whittemore, 1993) and lead to an increased iodine value of backfat, indicating an unsatisfactory fat quality in terms of oxidation potential and firmness of backfat. As a consequence, most companies included iodine value in their payment system. Although the severe problems with elevated iodine values were soon corrected by alteration of the composition of the diet, the payment system set up by various slaughterhouses remained unchanged up to this date. It can be expected that the payment system will remain in place in the future. Therefore, the high economic values estimated here are relevant for future breeding work.
Economic values of pH2 were zero for all companies. Assuming that pH2 is normally distributed with a population mean of 5.42 and a standard deviation of .04, all animals are expected to have a pH2 well below 6.2. Thus, all animals are within the same quality class, and a small change in the population mean of pH2 does not influence the income per slaughter pig. Given a standard deviation of .04, an economic value for pH2 different from zero is only expected at a population mean above 6.0. The frequency of DFD meat depends to a great extent on the preslaughter handling of the pigs; this is assumed to be at the optimum for the pigs in the Performance Testing Station. The average frequency of DFD meat reported in the interview was approximately 8%. This suggests that the distribution of pH2 in the population of slaughter pigs is different from our assumptions.
According to Smith et al. (1986) , benefits resulting from corrections of inefficiencies in the production system, such as feeding management or preslaughter handling, should not be accounted for when estimating economic values. Population mean and standard deviation for pH2 and IV were taken from results of the Performance Testing Station. Because the management on the testing station is supposed to be optimum, our economic values fulfill the requirements of Smith et al. (1986) . The approach, however, does not consider a potential change in optimum management strategies caused by a change in population means by selection (e.g., Amer and Fox, 1992) . As pointed out by one of the reviewers, selection for pigs that yield acceptable backfat quality with a cheaper diet containing more polyunsaturated fatty acids could be beneficial, at least in the long term. Bioeconomic models (Tess et al., 1983) that allow the simulation of a population over time would be required to take these factors into account. The payment systems derived in this study would be important parameters for such a model.
The optimum for PPC found in this study is difficult to explain. In the interview, it was clearly declared that the traits should be treated as independent. But our results show that at least the expert of Company 1 also considered potential losses caused by negatively correlated meat quality traits. Obviously, some experts based their answers on currently used pricing systems that do not yet include most meat quality traits used in this study and that partly account for the antagonism of PPC cuts with meat quality traits. The economic value for PPC derived in our study is, therefore, slightly underestimated.
The economic values presented in this study show a great variation among the companies. A possible explanation might be that several respondents were not familiar with all the traits used in this study. The source of this variation remains subject to further studies. Repeated questioning of the same respondents would give some information about the repeatability of the results. Furthermore, the variability is expected to decrease when the same meat quality experts are questioned repeatedly.
The economic values of the meat quality traits and of PPC in the actual aggregate genotype and the weighted means of economic values from this study are listed in Table 5 . In the actual aggregate genotype, color is measured as a Unigalvo H30 value. Therefore, the weighted mean of the economic value for color L* had to be converted to an economic value for Unigalvo H30. This was possible by measuring the Unigalvo H30 values of the Japanese color standards and by defining the quality classes for color with these Unigalvo H30 values. Except for pH1 and Unigalvo H30, the ratios between economic values of meat quality traits and the economic value of PPC in the actual aggregate genotype could be confirmed by the ratios found in this study. Compared to the economic value of PPC, the respondents in the interview attributed a higher economic importance to pH1 and Unigalvo H30 than the authors of the currently used aggregate genotype .
One company that participated in the interview has already included iodine value, pH1, and proportion of premium cuts into its payment system. Thus, economic values for these three traits can be estimated based on real market prices. These values and the ratio between the economic values of the meat quality traits (IV and pH1) and the economic value of PPC are listed in Table  6 . For all three traits, the weighted means of the economic values based on the prices from the interview were higher than the economic values based on real market prices of the company. The ratios between the weighted means of the economic values of the meat quality traits and the weighted mean of economic values of proportion of premium cuts had the same magnitude as the ratios between the economic values calculated on real prices of this company. A comparison between the economic values of the company based once on the answers of the expert and once on the real market prices showed greater discrepancies. Because strict anonymity was guaranteed, the detailed results of this comparison cannot be published here. The fact that the relative weighted economic values were closer to the actual pricing system of this company than the relative weights derived from the answers of that company's expert suggests that answers from individual experts are considerably less accurate than the average of a larger number of experts.
The income function used to derive economic values in this study was nonlinear with respect to the population mean of the traits considered. Dekkers et al. (1995) developed a general methodology and numerical methods for finding linear selection indices that maximize a weighted linear function of profit in each generation over a planning horizon of several generations, when profit is a nonlinear function of genotypes. Their results showed that linear selection indices can be derived for nonlinear profit functions within the well-known framework of selection index theory. The benefit of accounting for nonlinearity was small in the situations considered by Dekkers et al. (1995) . Therefore, using periodically updated economic values from estimates at the actual population mean should result in a selection response similar to that which could be expected using the method of Dekkers et al. (1995) .
In this article, we described a method that allows one to estimate economic values for meat quality traits. This method used future hypothetical market prices for carcasses within different quality classes. The prices were then used to estimate economic values with marginal income functions developed by Hovenier et al. (1993a) . The estimation of economic values for production and reproduction traits when profit functions are derived from an economic production model (e.g., de Vries, 1989) should also be based on likely future market prices. If economic values for both meat quality traits and production and reproduction traits are related to the same basis of one carcass and based on potential future market developments, the economic values for the different types of trait are directly comparable. Because of the large variation among economic values derived for individual companies and some problems with the interview discussed above, the resulting weighted economic values presented here should be used with caution. Before inclusion into an aggregate genotype, the impact of possible errors in economic values on selection response and profitability of the breeding program remains to be investigated. However, the economic values found suggest that meat quality traits are of increasing economic importance in the future Swiss pork market.
Implications
The economic values for meat quality traits using results from interviews can be estimated. This may allow one to incorporate possible future development of the pork market into a breeding program to develop an aggregate genotype. For pig breeders, this means that the definition of the breeding objective reflects possible future developments of the pork market using systematically gathered market information. Through the process of such surveys, the pork industry has a possibility to express its economic preferences for traits that cannot yet be measured on the slaughter chain and, therefore, are not yet included in the payment system.
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